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Ever since the first report of the discovery of an unknown novel
coronavirus that had caused pneumonia in Wuhan, China, had filed
to WHO by China, on December 31, 2019, the government had
instituted drastic measures to contain the outbreak of the epi-
demic. To keep transparency, the China’s National Health Commis-
sion reports confirmed, suspected, recovered and death case
numbers daily, yet the epidemiological community is still calling
for more information. Specifically, they want to have the critical
‘‘Basic Reproduction Number”, R0. According to Jones [1] and van
den Driessche and Watmough [2], R0, is defined as the expected
number of secondary cases produced by a single (typical) infection
in a completely susceptible population:
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in which s is the transmissibility (i.e., probability of infection given
contact between a susceptible and infected individual), c

�
is the

average rate of contact between susceptible and infected individu-
als, and d is the duration of infectiousness. Apparently, R0 is a num-
ber depends on many parameters. It is useful in some idealized
conditions to predict the development course of a given epidemic
in a completely susceptible homogeneous population. However,
to determine R0 requires too much information to be realistic in
the heat of a developing epidemic. Therefore, it is rarely observed
in the field and is usually calculated via a mathematical model
relying on tuning, which severely limits its usefulness. Further-
more, to adopt one constant number to describe the full course
of an epidemic development is problematic, for the dynamic of
the epidemic may exhibit different transmission pattern in differ-
ence phase of the event. Additionally, the course of the epidemic
could change dynamically subject to various medical and adminis-
trative interventions. The R0 frontline personnel in fighting the epi-
demic would need a quick and robust tool to detect minute and
subtle changes of the epidemic course for effective management.

With this point of view, we propose a simple and data driven
model based on the physics of natural growth algorithm, for the
transmission pattern in an epidemic is quite similar to the natural
growth: the more infected, the more infections. In nature, the nat-
ural growth occurs everywhere. For example, the diffusivity pro-
cess in the oceans is controlled by complicated turbulent
processes. To investigate this diffusivity process, the non-breaking
wave-induced vertical mixing theory [3] was developed and has
been successfully applied in the modeling of daily Escherichia coli
fluctuations in nearshore water [4]. Such example provides us clue
for defining a new parameter of transmission rate.

Considering the above experiences and the limitations, in lieu of
the more sophistic R0, we proposed a simple, data driven and
robust way to track the course and to detect the efficacy of any
intervention measure for an epidemic dynamically based on the
natural growth law:

NðtÞ ¼ N0 � exp atf t � t0ð Þg; ð2Þ

where NðtÞ is the current existing infected case number at time t,
which is the total confirmed case number minus the cumulative
death and recovered; N0 is the initial number of the existing
infected case number at t0, and at is the growth rate at time t. To
emulate the epidemiological community practice, we further define
the transmission rate, ct , as

ct ¼ 1þ at: ð3Þ

It indicates the potential of transmission rate. Specifically, when
ct ¼ 1, the existing infected number would be constant or reach a
peak; when ct > 1, the existing infected number would increase;
and when ct < 1, the existing infected number would decrease.

In this simple model, no nuance on transmission modes or
mechanisms is necessary. We have kept the model as simple as
possible, but every parameter is a function of time. The values
are determined by the observed/reported data directly; therefore,
they would offer a tracking tool for the events as the epidemic
develops and detecting the efficacy of any intervention measure
dynamically. Since the transmission rate is data driven, accurate
data is the base for precise estimation of the transmission rate. Fur-
thermore, the larger of the infected number or samples, the lower
of the uncertainty for the estimated transmission rate.
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Fig. 2. The transmission rate of 2019-nCoV, with trend lines determined by EMD
(dotted blue) and Least Squared (LS, solid red) and the trend after the quarantine of
Wuhan (dotted black) added. The quarantine was introduced on January 23, 2020,
we count its effects from the following day of January 24. The peak time estimate is
made based on the extension of the trend.
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When the daily number data, current existing case number of
infected from the China’s National Health Commission are used
as input, the case number data are shown in Fig. 1.

On the semi-logarithmic coordinate, the overall linear feature of
the data indeed suggests an exponential growth pattern as pro-
posed in the natural growth model. On careful examination, one
can detect a subtle bending of the curve toward the end. This sim-
ple observation is only possible with the help of logarithmic scale.
It is much more revealing than the linear scale used in most
reports.

Using these data, we can compute the transmission rate as
defined by Eqs. (2) and (3). The result is given in Fig. 2.

Here we have added the trends determined by the traditional
Least Square method and Empirical Mode Decomposition (EMD)
[5,6]. The negligible difference especially toward the end supports
that the model is robust in terms of the variation of data analysis
methods. However, we believe the EMD method is better, for it
does not pre-assumed the functional form of the trend. At any rate,
we can see a gentle but quantitative downward trend, indicating
that the transmission rate is decreasing. The descending rate of
the past several days clearly indicates that the implemented mea-
sures by Chinese central and local governments are effective. Sim-
ple as the result is, it offers more information on the development
of the epidemic than the raw number tabulated or plotted in linear
scale figures showing daily on public media.

Although the present tool is only for data analysis and event
tracking, it also enables us to make an estimate for the future
course of the epidemic. If the rate remains at this present course,
it is estimated that the existing infected cases would peak 13 days
from now (February 6th), and start to decrease from there on based
on the trends determined with all the data.

However, if we take only the data after the quarantine was
imposed on the City of Wuhan on January 24th (Technically, the
quarantine was imposed on January 23rd, but its effects could only
be counted on the next day), the trend would be slightly different
as shown in the black dotted line in Fig. 2. This trend clearly shows
the effectiveness of the quarantine. It is well known that for a dis-
ease without effective medicine, quarantine would be the best
measure to contain the epidemic. If this trend holds, the epidemic
should peak 3 days later from now (February 6th, 2020) on or
around February 9th. At that time, the total existing infected cases
would be between 37,000 and 44,000. This is a much more opti-
Fig. 1. Daily existing infected case number in China starting on January 16, 2020
plotted on semi-log coordinate.
mistic view. Fortunately, it is encouraging to see that the trends
of all methods seem to converge.

This estimate is based on the assumption that the overall
conditions are not changing. As the quarantine effect becomes
more apparent, more hospital mobilized, newly constructed
hospitals open, new pharmaceutical interventions introduced,
and more efficient medical management method instituted the
transmission rate might even decrease faster. However, the large
pool of suspected may delay the estimated peak time. Another
special condition is also coming up: the return tide of the
workers after the Spring Festival holiday, which may increase the
transmission rate.

It should be pointed out that an accurate estimate of the peak
period and infected number remains a tough task, with large vari-
ations for different models. For example, by using the traditional
epidemiological model, Wu et al. [7] estimated that the epidemic
of Wuhan would peak around April 2020 or even later with
reduced transmissibility, and the infected number will be unbe-
lievable high. Yet Prof. Nanshan Zhong, national leading scientist
for this epidemic issue, estimated on January 28, 2020 that the
peak might appear 7–10 days later. On February 2, Prof. Michael
Levitt, Nobel Prize winner from the Stanford University of the Uni-
ted States published a report on website, announced that the peak
will appear within one week. Meanwhile, popular media (New York
Times, for example) is warning the potential of a pandemic. Facing
such confusing information and uncertainty, a simple and robust
estimate would serve the public better, we think. Fortunately, it
is reassuring that some models based on different mechanisms
and assumptions and leading expert in the frontline all produce
results converging in a similar range as this simple, direct and data
driven one does.

Standard R0 approach might provide more detailed scientific
information, if the ‘‘Susceptible-Infected-Removed (SIR)” model is
tuned correctly. However, that would depend on many assump-
tions and much more detailed data, which might or might not be
available. This present simple, direct, data driven transmission rate
proposed here is intuitive, holistic and robust. Under uncertainty of
different models, we prefer Ockham’s Razor principle in model
selection.

This practical tracking tool for the epidemic course is an urgent
societal need and for effective epidemic managing. No much scien-
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tific breakthrough is involved. There are of course limitations of
this simple data driven model. The most severe one is the lack of
epidemiological details. Another limitation is on the characteristics
of the population. All models assume homogeneous population.
In addition, the large number of suspected cases may influence
the final estimation. As the present model is not depending on
the details, it is the least influenced by the heterogenous
population.

Application of the transmission rate to 2019-nCoV epidemic
reveals that the rate has been decreasing, indicating the effective
of the quarantine of Wuhan and other strict measures from Chi-
nese government. For example, with a mortality of 0.02%, the
recent H1N1 Influenza of 2009–2010 is estimated by WHO [8] to
cause a total fatality between 100,000 and 400,000. Yet under
quarantine, the much more vicious SARS has caused less than
800 worldwide.

Importantly, under the strict quarantine, if the present trend of
transmission rate holds, we estimate the epidemic peak on or
around February 9 with the existing infected cases between
37,000 and 44,000. It should be no later than February 19 even
for the slow decrease of transmission rate. At least, this simple
model could serve as an administrative guide for frontline person-
nel fighting and managing the epidemic efficiently. And it could
also keep the public informed of the general trend of the events
better than the raw case numbers.

It should be pointed out that the socio-economic develop-
ments and civilization evolution have always been facing grand
challenges including climate/environmental changes and
extremes [9], and epidemics are one kind of them [10,11]. The
direct and indirect causes of this 2019-nCoV epidemic are still
unclear. Consumption of wild animals, sanitation and hygiene
practices should be responsible, while environment evolutions
including climate change and extreme events may also con-
tribute [12–14]. But these critical topics are beyond the purview
of this note.
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